TITLE OF THE INVENTION 

Display Device Provided with Light Source for Illuminating from Behind 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a display device such as a liquid crystal display 
having a back light for illuminating from behind. 



Description of the Prior Art 

10 A non-light emitting display device such as a liquid crystal display has a back 
light unit for illuminating from behind. The back light unit comprising, for 
example, a line-shaped light source such as a cold-cathode tube fluorescent 
light, a light guide plate for introducing light emitted by a light source 
through a side surface facing to the light guide plate and emitting the light 

15 from an emitting surface, a reflector for efficiently introducing light from the 
light source to the inside of the light guide plate by using reflecting surfaces 
which are surfaces around the light source except for a side surface facing to 
the light source, and a reflecting sheet for returning light escaping from a 
back surface of the light guide plate to the light guide plate again, which is 

20 provided on a back surface of the light guide plate. If necessary, a lens sheet 
for improving the brightness by condensing light emitted from the emitting 
surface within a visible angle, and a diffusing plate for leveling off the 
brightness are provided above the emitting surface. These elements are 
housed in a holder for forming an outward shape of a back light unit. 
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A liquid crystal display panel is housed in a metal frame which holds the 
liquid crystal display panel around a proximity of side surfaces and has an 
opening serving as a display area, and the display panel is combined with a 
back light unit. (See JP, 4-355428, A as one example.) For combining the 
5 back light unit and the liquid crystal display panel, a mechanism for 
engaging either of the holder or the frame with the other, or both of them are 
housed in an other holder forming an entire display device unit. 



Q A sheet-shaped reflector of which an inner surface is generally a reflecting 

U1 10 surface is arranged around the light source, and an end surface of the 

yy 

*0 reflector is adhered and fixed to the light guide plate. 

P 

L; It is required to fix the reflector so as to correspond to the light guide plate, 

and it causes a large amount of time and labor. In addition, such a work 

~j 15 demands considerable accuracy and prevents improvement of assembling 

workability, causing an increase in cost. 



The sheet shaped reflector is difficult to retain a desired shape since it is 
easily deformed, although the sheet-shape reflector can be fixed to the light 

20 guide plate in proper condition. And a sufficient space between the light 
source and the reflector can not be secured. In a case that a sufficient space 
can not be secured, even though light radiated to a direction other than a 
side surface of the light guide plate (an incident surface), that is light radiated 
to upper and lower directions or behind of the light source, is reflected to the 

25 reflector, some of light may travel to the light source and can not be incident 
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to the side surface of the light guide plate (an incident surface) efficiently. 
Then, when an amount of light incident to the light guide plate decreases 
because the light from the light source can not be incident efficiently. An 
amount of light emitted from the light guide plate also decreases and a 
5 desired brightness can not be obtained. 

Some reflectors are formed with special hard materials which are not 
deformative, however, they also requires a large amount of time and labor, 
and considerable accuracy in mounting works as in a case of a sheet-shaped 
reflector. Therefore the workability is degraded, causing an increase in cost. 

SUMMARY OF THE INVENTION 

This invention was made to solve these problems. The invention has an 
objective to provide a display device in which a predetermined space between 
a light source and a surface other than a side surface of a light guide plate is 
secured so as to obtain sufficient brightness for illumination by efficiently 
utilizing light emitted from the light source. Furthermore, the display device 
according to the present invention does not require a work for fixing a 
reflector to a light guide plate so that the display device can improve 
assembling workability and accuracy and contribute to cost reduction. 

A display device according to the present invention comprises a light source, 
a light guide plate for introducing light emitted by the light source to an 
incident surface on a side of the light guide plate and emitting the light from 
25 an emitting surface, a non-light emitting display device which is illuminated 
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by light emitted from the light guide plate, and a holder for housing the light 
source, the light guide plate, and the non-light emitting display device. The 
holder includes a first holder having a back surface for covering at least a 
back surface of the light guide plate, a second holder having an opening 
5 corresponding to a display area of the non-light emitting display device and 
formed dividably from the first holder, and a light source housing chamber 
for housing the light source having an opening corresponding to the incident 
surface of the light guide plate is formed by combining the first and second 
holders. 

10 

The first holder includes a first housing area formed in a lower part of the 
light source housing chamber, and the second holder includes a second 
housing area formed in an upper part of the light source housing chamber. 

15 In this invention, a holder for holding the entire display device is divided into 
two pieces, and a light source housing chamber for housing the light source 
is also divided, and thus a mounting work of the light source to the light 
source housing chamber is easy. 

20 The first and second holders are formed with resin. 

The holder, which is dividable, includes a flexible connecting part and the 
connecting part connects the divided holders. 

25 In this structure, an assembling work is further easy. 
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A reflecting surface corresponding to a light emitting part of the light source 
is provided on an inner surface of the light source housing chamber. 

Therefore, a separate reflector for introducing light emitted from the light 
source is unnecessary because the display device of this invention is provided 
with the reflecting surface corresponding to the light emitting part of the light 
source, and mounting work of the separate reflector is not necessary and the 
assembling workability can be improved. 

The light source housing chamber may include a light source holding part for 
holding the light source. 



The display device of this invention may include a shading piece facing to the 
15 emitting surface of the light guide plate in a periphery of an incident surface. 
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In the display device of this invention, a back surface of the first holder is 
formed to be a reflecting surface and a reflecting sheet is not provided 
between the light guide plate and the back surface. 

In the display device of this invention, the back surface of the first holder is 
formed in a predetermined shape so as to control light reflection and 
diffusion. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is an exploded perspective view illustrating one of embodiments of a 
display device according to the present invention; 

Fig. 2 is a cross sectional view schematically illustrating a composition of the 
, display device of Fig. 1; 

5 Fig. 3 is a schematic perspective view illustrating an inner side of a first 
holder of Fig. 1; 

Fig. 4 is a schematic perspective view illustrating an outer side of the first 
holder of Fig. 1 ; 

Fig. 5 is a schematic perspective view illustrating an inner side of a second 
:§ 10 holder of Fig. 1; 

J= Fig. 6 is a schematic perspective view illustrating an outer side of the second 

lI holder of Fig. 1 ; 

5 Fig. 7 is a schematic view illustrating an outward appearance of the display 

CP device of Fig. 1; 

15 Fig. 8 is a schematic perspective view illustrating an inner side of another 
Q embodiment of the first holder; 

Fig. 9 is a view illustrating the first holder of Fig. 8 which a light source is 

mounted; and 

Fig. 10 is a view illustrating another embodiment of the holder according to 
20 the invention. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 
description of the present invention when collected conjunction with the 
25 accompanying drawings. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Explanation is made on an embodiment of the present invention by referring 
4 to the drawings. 

5 

Fig. 1 is an exploded perspective view illustrating one of embodiments of a 
display device according to the invention, and Fig. 2 is a cross sectional view 
schematically illustrating a composition of the display device of Fig. 1 . 

O 
in 

10 A light source 1 comprises a cold cathode fluorescent light or the like for 

fc fj supplying light to the inside of a light guide plate (later described). A light 

O 

jU guide plate 2 is formed with transparent material and includes an incident 

- surface 21 as a surface for introducing light from the light source 1, an 

01 emitting surface 22 for emitting the light which introduced and travels 

•Hi $ 

15 through the inside of the light guide plate, and a back surface 23 opposing to 
3 the emitting surface 22. Although being not shown, the light guide plate 2 

may have a group of lenses formed with top ridges of triangles for improving 
the brightness of the emitting light on the emitting surface. The thickness of 
the light guide plate 2 may reduce for improving the light emissivity. It means 
20 that a distance between the emitting surface 22 and the back surface 23 
becomes smaller as it is farther from the light incident surface 21. Or, the 
light guide plate may have a diffusing pattern as diffusing means, which the 
light incident to the back surface 23 can be emitted from the emitting surface 
22 with the even brightness. 

25 
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Such light guide plates are generally formed by injection molding using 
thermoplastic resin. Therefore, even when the light guide plate has a group of 
lenses or a diffusing pattern, the light guide plate can be formed integrally 
i and easily by a general forming process using a mold. 

5 

A diffusing plate 3, provided oppositely to the emitting surface 22 of the light 
guide plate 2, uniformly distributes the light emitted from the light guide 
plate 2. A transmission type liquid crystal display panel 4 as a non-light 
_ emitting display device is provided on a side of the emitting surface 22 of the 

e I 
-.f=S 

fi 10 light guide plate 2 by interposing the diffusing plate 3. A lens -sheet for 
/}? improving the brightness by condensing light may be provided above or 

beneath the diffusing plate 3. The diffusing plate 3 and the lens sheet may be 
~ provided depending on a desired property if necessary. 

pi 

= 15 A first holder 5 holds the entire display device on a side of the back surface 
O 23 of the light guide plate 2. A second holder 6 holds the entire display device 

on a side of a display surface of the liquid crystal display panel 4. The 
dividable first holder 5 and second holder 6 form a holder for housing the 
light source 1, the light guide plate 2, the diffusing plate 3, and the liquid 
20 crystal display panel 4. 

Fig. 3 is a schematic perspective view illustrating an inner side of the first 
holder 5 of Fig. 1, and Fig. 4 is a schematic perspective view illustrating an 
outer side of the first holder 5 of Fig. 1. 

25 
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The first holder 5 includes a reflecting back surface 51, which faces to the 
back surface 23 of the light guide plate 2 and covers the back surface 23, and 
of which front surface is a reflecting surface. Also, included are a first light 
source holding portion 52 for pressing and holding the light source 1, a first 
electric wire holding portion 53 for pressing and holding an electric wire 
1 l(see Fig. 9) for supplying electric power to the light source 1, a first housing 
area 54 for housing the light source 1 which has an opening corresponding to 
the incident surface 2 1 of the light guide plate 2 and is formed in a lower part 
of a light source housing chamber 10, and a first reflector 55 which has a 
reflecting surface corresponding to a light emitting portion of the light source 
1 and is formed inside the first housing area 54. 

Inner surfaces of the first holder 5 facing to surfaces except for the incident 
surface 21 and the back surface 23 of the light guide plate 2 are formed to be 
a reflection surface as like the reflecting back surface 51, and a plurality of 
protrusions 56 for assembling with the second holder 6 are provided on an 
outer periphery of the first holder 5. Although the reflecting back surface 51 
is formed to be a mirror in this embodiment, the surface 51 as a reflecting 
surface may have asperities formed with cones or pyramids for controlling 
reflection and diffusion of light, or may have a plurality of recessed and 
protruded parallel lines having top ridges of cross-sectional triangles. 

Fig. 5 is a schematic perspective view illustrating an inner side of the second 
holder 6 of Fig. 1, and Fig. 6 is a schematic perspective view illustrating an 
outer side of the second holder 6 of Fig. 1. 



The second holder 6 includes an opening 61 corresponding to the display- 
area of the liquid crystal display panel 4, a second light source holding 
portion 62 for pressing and holding the light source 1 which corresponds to 
the first holder 5, a second electric wire holding portion 63 for pressing and 
holding an electric wire 1 1 (see Fig. 9) for supplying electric power to the light 
source 1, a second housing area 64 for housing the light source 1 which has 
an opening corresponding to the incident surface 2 1 of the light guide plate 2 
and is formed in an upper part of the light source housing chamber 10, and a 
second reflector 65 which has a reflecting surface corresponding to a light 
emitting area of the light source 1 and is formed in the second housing area 
64. A shading piece 67 is integrally formed with the second reflector 65 in an 
opposite position to the emitting surface 22 in a periphery of the incident 
surface 21. Inner surfaces of the second holder 6 facing to side surfaces 
except for the emitting surface 22 of light from the light source 1 are formed 
to be a reflecting surface as like the reflecting back surface 51. In addition, a 
plurality of engaging portions 66 having engaging holes 68 for corresponding 
to and engaging with the protruded portion 56 are provided in an outer 
periphery of the second holder 6. 

The first holder 5 and the second holder 6 are formed with resin such as 
polycarbonate which shades light and are mixed with white pigment or 
material for improving the reflectance (such as titanium dioxide) to make the 
entire body white and have high reflectance. Such first holder 5 and second 
holder 6 are easily formed by injection molding. The first and second holders 
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5, 6 may be formed with resin mixed with additive and pigment for 
chromaticity adjustment of emitted light and improvement of reflectance. 

The light source 1, the light guide plate 2, the diffusing plate 3, and the liquid 
crystal display panel 4 are housed in the first and second holders 5 and 6, 
and then the protrusion 56 is fitted to the engaging hole 68 so as to be 
engaged with the engaging portion 66, and the holder and the display device 
are assembled. The outward appearance of the device is shown in Fig. 7. 

In Fig. 7 as like in Fig. 2, the holder is divided into the first and second 
holders 5, 6, and the light source housing chamber 10 is divided into the first 
and second housing areas 54, 64. Both ends of light emitting portion are 
supported and held by the first and second light source holders 52, 62 (see 
Fig. 9) so that the light source 1 is housed. The first reflector 55 and the 
second reflector 65 face with each other, wherein the reflectors having a 
reflecting surface of a predetermined shape for efficiently introducing light 
emitted from the light source 1 to the incident surface 21 are formed with a 
certain distance from the light source (the light emitting portion) in a 
periphery except for on a side of the light incident surface 21 of the light 
source 1. The shading piece 67 is opposite to the emitting surface 22 in the 
periphery of the incident surface 21. 

When the light source 1 is tuned on, a part of light is directly incident to the 
incident surface 21, and other light is reflected on the first and second 
reflectors 55, 65, then is incident to the incident surface 21. The first and 
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second reflectors 55, 65 do not deform by external force and the light source 
is hold by the first and second light source holding portions 52, 62, therefore 
a sufficient space between the light source 1 and the first and second 
reflectors 55, 65 are always maintained. Thus, little light reflected from the 
first and second reflectors 55 and 65 travels to the light source 1, and most of 
light reflected from the first and second reflectors 55 and 65 is incident to the 
incident surface 21 of the light guide plate 2. Light from the light source 1 is 
efficiently incident to the incident surface 2 1 . 

Light incident from the incident surface 2 1 travels inside the light guide plate 
2, light reflected to the back surface 23 and light leaked from the back 
surface 23 is reflected to the reflecting back surface 51 of the first holder 5 
and is incident to the light guide plate 2 again, then is emitted from the 
emitting surface 22. The light emitted from the emitting surface 22 
illuminates the liquid crystal display panel 4 from behind through the 
diffusing plate 3. The shading piece 67 can prevent light from leaking from 
the light source 1 and from directly illuminating the display area of the liquid 
crystal display panel 4 from behind. Only the light emitted from the light 
guide plate 2 illuminates the display area and degradation of evenness of the 
illumination brightness can be prevented. 

In the above embodiment, the holder for holding the entire display device is 
divided into two pieces, and the light source housing chamber 10 for housing 
the light source 1 is also divided into two pieces. Thus, it becomes easy to 
mount the light source 1 to the light source housing chamber 10 (in an 
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actual work, the both ends of the light source 1 are respectively fitted to the 
light source holding portions 52, 62 of the first and second holders 5, 6). The 
first and second reflectors 55, 65 are provided in the dividable light source 
housing chamber 10, wherein the reflectors are integrally formed with the 
5 holders and have a reflecting surface corresponding to the light emitting 
portion of the light source 1. Thus, separate reflectors are not necessary for 
efficiently introducing light from the light source to the incident surface 21. 
Therefore, a fixing work of separate reflectors is not necessary, thus 
improving the assembling workability. 

10 

As the reflecting back surface 51 facing to the back surface 23 of the light 
guide plate reflects light, a reflecting sheet generally provided opposite to the 
back surface 23 of the light guide plate is not necessary. The first and second 
electric wire holding portions 53, 63 for holding the electric wire for supplying 
15 power to the light source 1 also serves as protectors of a connecting portion of 
the electric wire and an electrode of the light source 1. Thus, a protection 
material (bush) such as insulating rubber generally provided on the 
connecting portion of the electric wire and the electrode of the light source is 
not necessary. 

20 

The light source 1 and the light guide plate 2 are housed in the first and 
second holders 5 and 6. All the surfaces of the light source 1 and the light 
guide plate 2 except for a surface facing to an opening 61 are covered with 
the first and second holders 5, 6. Thus, light emitted from the light source 1 
25 and the light incident to the light guide plate 2 is prevented from leaking from 
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surfaces except for the emitting surface 23. Less light is leaked as compared 
with a metal holder, thus light from the light source 1 is used efficiently and 
the brightness of illuminating light can improve. 

The dividable holders for holding the display device as well as the dividable 
light source housing chamber for housing a light source, the light source 
holding portion, the electric wire holding portion, and the predetermined 
inner surface serving as a reflecting surface make assembling works easy 
while ensuring accuracy of assembly, resulting in improved efficiency, parts 
number reduction, and cost decrease. 

Furthermore, an outer periphery of the liquid crystal display panel 4 is 
covered with the first and second holders 5, 6. A metal frame for protection 
generally provided on an outer periphery of the liquid crystal panel is not 
necessary. In conjunction with this, the display device of this composition 
can prevent degradation of performance caused by corrosion, improve 
reliability of the display unit, as well as achieve reduction of the parts 
number and improve the brightness of illuminating light. 

20 Fig. 8 is a schematic perspective view illustrating an inner side of another 
embodiment of the first holder. A difference between the first holder 5' and 
the first holder 5 shown in Fig. 3 is that the first holder 5' is provided with an 
electric wire engaging portion 57 for engaging an electric wire corresponding 
to the first electric wire holding portion 53'. (the same elements as those of 

25 the first holder 5 have the same reference numerals and explanation on those 
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is omitted) 



When a light source 1 is mounted to the light source housing chamber 10, as 
shown in Fig. 9, both ends of the light source 1 are fitted to the first light 
source holding portion 52 of the first holder 5' and the electric wire 1 1 is 
engaged with and hung to the electric wire engaging portion 57. The electric 
wire 11 is remained to be hung to the first electric wire holding portion 53', 
and the light source 1 is kept being held to the first holder 5\ Thus, the 
assembling work for engaging the second holder 6 becomes very easy, 
improving the assembling workability. 

As shown in Fig. 10, when the first holder 5' (or the holder 5) and the second 
holder 6 are combined by a flexible connector 7, the assembling work also 
becomes easy. 

The first holder 5' and the second holder 6 are formed with resin and are 
connected by a connector on a side opposite to the light source. And the 
connector 7 is formed to be thinner than the holders so as to be flexible. 
When assembling, the light source, the light guide plate, and the diffusing 
plate are housed in the first holder 5', and the liquid crystal display panel is 
housed in the second holder 6. Then the first holder 5' and the second holder 
6 are engaged with each other to form the display device unit. 

In the present invention, the dividable holders for holding the entire display 
device and the dividable light source housing chambers for housing a light 
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source are formed, thus a mounting work of a light source to the light source 
housing chamber becomes easy. The first and second reflectors including a 
reflecting surface corresponding to a light emitting portion of a light source 
are integrally formed with the holders in the dividable light source housing 
chamber, thus a separate reflector is not necessary and troublesome 
assembling works for the separate reflector can be omitted. The first and 
second reflectors can be kept in a predetermined shape without deformation, 
and a uniform space between the light emitting portion of the light guide 
plate and the first and second reflectors can be secured. Therefore, the 
incidence efficiency of light from the light source to the light guide plate can 
be enhanced and sufficient brightness of illuminating light can be secured. A 
display device of excellent display performance and illumination performance 
can be provided. 

The light source holding portion and the electric wire holding portion can 
make assembling works easy and improve assembling workability while 
realizing accuracy in assembling works. Furthermore, the invention can 
contribute to reducing the number of parts and cost for a product and 
improving reliability of a product. 

Although the present invention has been described and illustrated in detail, it 
is clearly understood that the same is and example only and is not to be 
taken by way of limitation by way of illustration, the spirit and scope of the 
present invention being limited only by the terms of the appended claims. 
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